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(54) Ink-jet recording sheet containing cyclodextrin and alumina sol 



(57) A recording sheet is disclosed comprising a 
substrate, having on at least one side thereon, and an 
ink absorbent layer, said ink absorbent layer comprising 
alumina sol. at least one gelling agent, at least one cy- 
clodextrin compound, and optionally, at least one binder. 



The ink absorbent layer may further comprise at least 
one viscosity modifying compound and at least one 
gloss enhancing compound. The recording sheet of the 
present invention provides enhanced lightfastness 
properties. 
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Description 

FIELD OF INVENTION 

5 [0001] The present invention relates to a recording sheet. More specifically, it relates to a recording sheet ennployed 
in ink'jat printing. 

BACKGROUND OF INVENTION 

10 [0002] The use of Ink-jet printing systems has grown dramatically in recent years. This growth may be attributed to 
substantial improvements in print resolution and overall print quality coupled with appreciable reduction in cost. Today's 
ink-jet printers offer acceptable print quality for many commercial, business, and household applications at costs tully 
an order of magnitude lower than comparable products available just a few years ago. Notwithstanding their recent 
success, intensive research and development efforts continue toward improving ink-jet print quality. In general, ink-jet 

IS print quality stilt falls short of that produced by more expensive technologies such as photography and offset or gravure 
printing. A surge in interest in ink-jet imaging (e.g., the rendition of pictures) has resulted in the need to produce near 
photographic quality printed images at a reasonable cost. The challenge remains to further improve the lightfastness 
of ink-jet printed images. 

[0003] Currently, many of the commercial ink-jet print samples degrade with exposure to light. Current solutions for 
20 reducing the fading of ink-jet print samples have included adding Ultra Violet absorber additives to the media or ink 
formulation; lamination of the print after sample generation; and using lightfast cobrants in the inks; adding metallic 
mordants to the media; and using custom-made metal containing colorants in the ink. Although these solutions have 
merits, they may pose disadvantages such as: increase cost due to lamination; cost, availability, and pen performance 
and print quality trade offs in the case of lightfast colorants; and potential toxicity with the use of metallic mordants. 
25 [0004] Thus, challenge remains to further improve the lightfastness of ink-jet prints using cost-effective means. 

DISCLOSURE OF INVENTION 

[0005] In accordance with the invention, recording sheet is diseased comprising a substrate, having on at least one 
30 side thereon, and an ink absorbent layer, said ink absorbent layer comprising alumina sol, at least one gelling agent, 
at least one cyclodextrin compound, and optionally, at least one binder. The ink absorbent layer may further comprise 
at least one viscosity nrtodifying compound and at least one gloss enhancing compound. The recording sheet of the 
present inventk^n provides enhanced lightfastness properties. 

3S BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Figure 1 is a topographkial representation of a cyckxlextrin compound. 
DETAILED DESCRIPTION OF THE INVENTION 

40 

[0007] In accordance with the invention a recording sheet suitable for use in ink-jet printers and method for formulating 
the same is provided. The present recording sheet provides excellent lightfastness. The recording sheet enables an 
ink-jet color printer to produce high quality cobr inrages having excellent lightfastness with a range of inks. 
[0008] More specifically, the recording sheet of the present invention comprises a substrate; and an ink absorbent 

45 layer on said substrate, said ink absorbent layer comprising at least one alumina sol compound, at least one gelling 
agent, at least one cyclodextrin compound, and optionally at least one binder The ink absorbent layer may further 
comprise at least one viscosity modifying compound and at least one gloss enhancing compound. 
[0009] All the concentrations are given in weight percent (wt%) unless otherwise stated. Similarly, the concent ratbn 
of the components are based on the concentration of each component in the dry, finished form of the coating layer 

so (and not the concentratbn in the aqueous mixture). 

SUBSTRATE 

[001 0] The suitable substrate may be transparent, opaque, or translucent. The substrate may be paper based or film 
ss based or any other material such as glass or metal. Preferably, the substrate is photobased coated paper. More pref- 
erably, the substrate is photobased paper having a coating for waterproofability such as polyethyelene. Optionally, the 
polyethylene coating has a coating thereon to improve coatability of the polyethylene layer with the ink absorbent layer 
One such coating is gelatin whk:h is comnDercialty available. Alternatively other means, such as corona discharge 
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treatment, may be used to provide the improved coatability of the polyethylene layer. The polyethylene layer, in addition 
to improving waterproofing of the medium, also provides for the desired porosity, absorption, dry time, and smoothness.. 
[001 1] Gelatin coated ink-jet media, typically comprise a polyethylene-coated substrate or paper support with a gel- 
atin coating thereon. Gelatin coated ink-jet media have been described in patents such as U.S. Patent 5.141,599 by 
5 Reiner et a!., issued August 25. 1992 and assigned to Felix Schoeller Company. 

INK ABSORBENT LAYER 

[0012] The substrate is coated with an ink absorbent layer comprising at least one alumina sol compound; at least 
10 one gelling agent; at least one cyclodextrin compound; and at least one binder. The Ink absorbent layer may further 
comprise a component selected from the group consisting of at least one viscosity modifying compound and at least 
one gbss enhancing compound. The viscosity modifying (e.g., thickening) and the gloss enhancing functions may be 
provided by the same or different compounds. 
[001 3] The ink absorbent layer is prepared using the process below: 

IS 

1. An aqueous stock solution of the optksnal binder Is prepared sufficiently in advance of the coating application 
to albw adequate solubility of the binder. Optionally this mixture can be heated, for example to 85*'C for 30 minutes, 
to accelerate the solubilization of the binder, if necessary. 

20 2. A cyclodextrin containing mixture is prepared by mixing alumina sol, the optk>nal binder of step 1 , cyckxlextrin 

compound, and either or both optbnal viscosity modifying compound and gbss enhancing compound, at moderate 
shear. 

3. A gelling agent solutkxi is prepared. 

2S 

4. The Ink absorbent layer mixture is prepared by stowty adding the gelling agent solution tothe cyclodextrin con- 
taining mixture from step 2. The ink absorbent layer mixture is further mixed at moderate shear for sufficient time 
to allow for the degassing of the mixture. 

30 5. The mixture of step 4 is then transferred to a holding area and is kept there for sufficient length of time to alk^w 

for the removal of any bubbles in the mixture before It is used to coat the substrate. 

[0014] The ink absorbent layer may be applied to the substrate using any one of well known coating methods such 
as roller coating, wire-bar coating, dip-coating, air-knife coating, slide coating, curtain coating, doctor coating, flexo- 
35 graphic coating, or gravure coating. 

ALUf^lNA SOL 

[0015] Aluminas suitably empbyed in the present Invention Include so-called pseudo boehmite aluminas and boe- 

40 hmite aluminas. Such aluminas are commonly obtained by the hydrolysis of aluminum alkoxide In the well known 
fashion. The aluminum trialkoxide (alkoxide) can be produced, in the well known manner, by reacting a low molecular 
weigh alcohol, partcularly a branched chain alcohol, with an aluminum bearing material. Such aluminum bearing ma- 
terials include pure aluminum as well as aluminum alloys and mixed alby scrap. Typical methods for preparing such 
aluminum alkoxides are shown, for example, in U.S. Patent. Number 4.242,271 , incorporated herein by reference. The 

<s aluminum alkoxide can be hydrolyzed, in the well known manner, such as by the process taught in U.S. Patent number 
4,202,870, incorporated herein by reference. Especially preferred are aluminas obtained from the hydrolysis of alumi- 
num alkoxbes derived from Ziegler Chemistry in the well known nr^nner. While the preferred feedstock is an alumina 
slurry, particularly a slurry produced by the hydrolysis of aluminum alkoxides. aluminas from other sources can be 
formed Into slurries and used for the present invention. 

so [0016] The alumina slurry can then be treated to produce water dispersible alumina collobal sol using well known 
rnethods such as that described in, but not limited to. U.S. Patent number 4,676,928, and incorporated herein by 
reference. The water dispersible alumina is prepared by forming an aqueous alumina slurry from an uncalcined alumina 
obtained from the hydrolysis of an aluminum alkoxide; admixing a monovalent acid with said alumina slurry to produce 
an alumina slurry-acid composition having a pH of from about 5.0 to about 9.0; aging said alumina slurry-acid compo- 

55 sition at an elevated temperature of above about 70'C and for a perfod of time sufficient to convert the greater portion 
of said atumlna to a colbidal sol; recovering said colbidal sol; and drying said colloidal sol. 

[0017] In the process, the alumina slurry is first formed. This can be accomplished by dispersing an alumina in an 
aqueous medium. Preferably, as noted, the alumina slurry is one which has been obtained as the product of the hy- 
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drolysis of an aluminum alkoxide. Basically, when the aluminum alkoxide is hydrolyzed. there is formed an alumina 
hydrate plus the starting material alcohol from which the aikoxkje was originally formed. Removal of the alcohol leaves 
an alumina slurry which can vary considerably in properties such as pH. alumina content, etc., but which in the case 

of aluminum alkoxkJes produced or derived from Ziegler Chemistry will generally be characterized by an alumina content 
5 of 9 to 15% by weight, usually 10 to 11 .5% by weight and have a pH greater than about 9. usually ranging from about 
9 to about 10. 

[0018] The alumina slurry is treated with an acid to reduce the pH of the slurry from about 9 to about 5. Generally, 
this acidification of the alumina slurry is carried out with monobasic acids such as nitric acid, hydrochloric acid, formic 
acid, acetic acid, and so forth. The particular type of acid used depends, to a certain extent, upon the type of alumina 

10 contained in the slurry. However, it has been found that when dealing with an alumina slurry obtained from the hydrolysis 
of an aluminum alkoxide derived from Ziegler Chemistry, nitric acid is preferred. In admixing the acid with the alumina 
slurry, it is desirable that there be sufficient mixing to avokii gel formatk>n in the slurry-acid mixture. It wilt be appreciated 
that the amount of acid added to the slurry will depend upon the Initial pM of the slurry, the alumina content of the slurry, 
the type of acid employed, the total amount of slurry, etc. For example. In the case of an alumina slurry having an 

'5 alumina content of between 10 and 11 .5% by weight with a pH of from about 9 to about 10, it is generally necessary, 
when using nitric acid, to use approximately 15-500 ml of 70% nitre acid for 50 gallons of alumina slurry, it will be 
appreciated that the concentration of the acid used in the acidirication step is not critical. 

[0019] Once the alumina slurry has been adjusted to the desired pH range, i.e. from about 5 to about 9. the slurry 
is then aged at elevated temperatures until the greater portion of the alumina is in the form of a colloidal sol. Usually 

20 about 95 to 99% by weight of the alumina is converted to the collokJal sol form. The aging can be carried out in any 
manner such as in an oven, pressure vessel, etc. Generally speaking, the aging will result in a product which contains 
from about 1 to about 4% of undispersed alumina, i.e. alumina which is not in the form of colloidal sol. The aniount of 
time required to convert the alumina to the colbidal sol varies with pH and temperature. While temperatures of from 
about 70* to about 100* C are preferred when the process is conducted at ambient pressures, it will be recognized 

25 that temperaiures greater than lOO^C can be used quite successfully it the process is conducted under superatnrvDS- 
pheric pressure. Indeed. In commercial operatkDns. It is more desirable that higher temperature and pressures be 
employed in the aging step. 

[0020] While it has been found that the pH of the aged colk)idal sol decreases, it still remains above about 4 whk:h, 
as noted above, is considered to be neutral in terms of acid dispersions of alumina. 

30 [0021] The alumina sol is then recovered as by decantation or any other method well known to those skilled in the 
art and can either be transported as is for further processing into dried alumina or, it can be concentrated by rerrx^val 
of water to provide a concentrated colloidal sol which is pumpable and contains greater than about 12% by weight 
alumina. It has been found that with the process of the present invention, even though the alumina content of the 
concentrated sol exceeds about 12% by weight, the sol remains a tow viscosity, easily pumpable medium. The dried 

35 alumina sol obtained from the fluid colloidal sol is, for practical purposes, completely water dispersible, i.e. greater 
than 98% dispersible. Alumina sol is also commercially available from companies such as Vista, Houston. Texas. 
[0022] The concentration of the alumina sol in the ink receiving layer is from about 5 to about 95 wt%, preferably 
from about 10 to about 90 wt%, and more preferably, from about 15 to about 85 wt %. 

40 GELLING AGENT 

[0023] Gelling agents suitably employed in the practice of the invention include any nontoxk: buffers that can provkie 
the desired ionk: strength to altow for the gelling of the mixture (mixture of step 4 above) within the desired time frame 
(e.g., after the degassing of mixture In step 4 above), multivalent cations, and organk: and inorganic acids and their 

45 salts. The gelling agents are used at a concentratton sufficient to provide a rubbery gelatinous mass. 

[0024] The buffers comprise a weak acid and its corresponding salt. Examples of such buffers include acetic acid/ 
sodium acetate, phosphoric acid/sodium phosphate, and succinic ack^sodium succinate. Preferably, acetic acid/sodi- 
um acetate is used at a mixture pH range of from about 3 to about 7, and more preferably, from about 4 to about 5. By 
way of example, the acetic acid / sodium acetate buffer is used in a concentration range from about 0.02 to about 10 

so wt% / from about 0.02 to about 10 wt%; preferably from about 0.02 to about 8 wt% / from about 0.02 to about 8 wt%; 
and more preferably from about 0.02 to about 5 wt% / from about 0.02 to about 5 wt%. 

[0025] The gelling agents are used at a concentration sufficient to provkje a rubbery gelatinous mass. By way of 
example, the concentration of the at least one gelling agent in the ink receiving layer is from about 0.02 to about 20 
wt%, preferably from about 0.02 to about 16wt%. and more preferably, from about 0.02 to about 10 wt%. 

£5 

CYCLOOEXTRIN 

[0026] Cyctodextrins (hereinafter referred to for convenience as CD or CDs for the singular and the plural, respec- 
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drolysis of an aluminum alkoxide. Basically, when the aluminum alkoxide is hydrolyzed, there is tormed an alumina 
hydrate plus the starting material alcohol from which the alkoxide was originally formed. Removal of the alcohol leaves 
an alumina slurry which can vary considerably in properties such as pH, alumina content, etc, but which in the case 
of aluminum alkoxides produced or derived from Ziegler Chemistry will generally be characterized by an alumina content 
5 of 9 tol 5% by weight, usually 1 0 to 11 .5% by weight and have a pH greater than about 9. usually ranging from about 
9 to about 10. 

[0018] The alumina slurry is treated with an acid to reduce the pH of the slurry from about 9 to about 5. Generally, 
this ackJIfication of the alumina slurry is carried out with monobasic acids such as nitric acid, hydrochbric acid, formic 
acid, acetic acid, and so forth. The particular type of acid used depends, to a certain extent, upon the type of alumina 

10 contained in the slurry. However, it has been found that when dealing with an alumina slurry obtained from the hydrolysis 
of an aluminum alkoxide derived from Ziegler Chemistry, nitric acid is preferred. In admixing the acid with the alumina 
slurry, it is desirable that there be sufficient mixing to avoid gel fornr^tk^n in the slurry -acid mixture. It will be appreciated 
that the amount of acid added to the slurry wItt depend upon the initial pH of the slurry, the alumina content of the slurry, 
the type of acid employed, the total amount of slurry, etc. For example, in the case of an alumina slurry having an 

IS alumina content of between 10 and 11 .5% by weight with a pH of from about 9 to about 10. it is generally necessary, 
when using nitric acid, to use approximately 15-500 ml of 70% nitric acid for 50 gallons of alumina slurry. It will be 
appreciated that the concentratkxi of the acid used in the acidifk:ation step is not critical. 

[0019] Once the alumina slurry has been adjusted to the desired pH range, i.e. from about 5 to about 9, the slurry 
is then aged at elevated temperatures until the greater portion of the alumina is in the form of a colloidal sol. Usually 

20 about 95 to 99% by weight of the alumina is converted to the collokJal sol form. The aging can be carried out in any 
manner such as in an oven, pressure vessel, etc. Generally speaking, the aging will result in a product which contains 
from about 1 to about 4% of undispersed alumina, i.e. alumina which is not in the form of colloidal sol. The anrx>unt of 
time required to convert the alumina to the colk)idai sol varies with pH and temperature. While temperatures of from 
about 70" to about 100* C are preferred when the process is conducted at ambient pressures. It will be recognized 

2S that temperatures greater than lOO'^C can be used quite successfully if the process Is conducted under superatnrtos- 
pheric pressure. Indeed, in commercial operatbns, it is more desirable that higher temperature and pressures be 
empk^yed in the aging step. 

[0020] While it has been found that the pH of the aged colbkial sol decreases, it still remains above about 4 whbh, 
as noted above, is considered to be neutral In terms of acid dispersions of alumina. 

30 [0021] The alumina so! is then recovered as by decantation or any other method well known to those skilled in the 
art and can either be transported as is for further processing into dried alumina or, it can be concentrated by rerT>oval 
of water to provide a concentrated collokial sol which is pumpable and contains greater than about 12% by weight 
alumina. It has been found that with the process of the present invention, even though the alumina content of the 
concentrated sol exceeds about 12% by weight, the sol renr^ins a tow viscosity, easily pumpable medium. The dried 

3S alumina sol obtained from the fluid colloidal sol is, for practical purposes, completely water dispersible, i.e. greater 
than 98% dispersible. Alumina sol is also commercially available from companies such as Vista, Houston, Texas. 
[0022] The concentratton of the alumina sol in the ink receiving layer is from about 5 to about 95 wt%. preferably 
from about 10 to about 90 wt%. and more preferably, from about 15 to about 85 wt %. 

40 GELLING AGENT 

[0023] Gelling agents suitably employed in the practice of the invention include any nontoxk: buffers that can provkJe 
the desired lone strength to alkjw for the gelling of the mixture (mixture of step 4 above) within the desired time frame 
(e.g., after the degassing of mixture in step 4 above), multi-vatent cations, and organk: and inorganic acids and their 

45 salts. The gelling agents are used at a concentratksn sufficient to provide a rubbery gelatinous nr»ss. 

[0024] The buffers comprise a weak acid and its corresponding salt. Examples of such buffers include acetic acid/ 
sodium acetate, phosphoric acid/sodium phosphate, and succinic acid/sodium succinate. Preferably, acetic acki/sodi- 
um acetate Is used at a mixture pH range of from about 3 to about 7, and more preferably, from about 4 to about 5. By 
way of example, the acetic acid / sodium acetate buffer is used in a concentration range from about 0.02 to about 10 

50 wt% / from about 0.02 to about 10 wt%; preferably from about 0.02 to about 8 wt% / from about 0.02 to about 8 wt%; 
and more preferably from about 0.02 to about 5 wt% / from about 0.02 to about 5 wt%. 

[0025] The gelling agents are used at a concentratkxi sufficient to provbe a rubbery gelatinous mass. By way of 
example, the concentratton of the at least one gelling agent in the ink receiving layer is from about 0.02 to about 20 
wt%, preferably from about 0,02 to about 16wt%, and more preferably, from about 0.02 to about 10 wt%. 

55 

CYCLODEXTRIN 

[0026] Cyclodextrins (hereinafter referred to for convenience as CD or CDs for the singular and the plural, respec- 
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tivety) are cyclic oligosaccharides consisting of at least six glucopyranose units. These compounds have the simple, 
well-defined chemical structure shown in Structure I, below. The comnrK>n designations of the lower molecular weight 
alpha (a)-, beta and gamma (y)- CDs are used throughout this specification and will refer to the chemical structure 
shown in Structure I wherein n 6. 7. or 8 glucopyranose units, respectively: 

STRUCTURE I 




25 

wherein 

n > 6, preferably 8; 
30 m S 1 . preferably 1 ; 

is H, alkyi, or aryl; preferably H; 
R2 is H, alkyI, or aryl; preferably H; and 
R3 is H. alkyI, or aryl; preferably H. 

35 [0027] Topographically, the CDs n^y be represented as a torus, as shown In Figure 1 , the upper rim of which is lined 
with primary -CH2OH groups, and the lower rim with secondary hydroxy! groups. Coaxially aligned with the torus is a 
channel-like cavity of about 5, 6 or 7.5 A.U. diameter for the alpha beta and gamma - CDs, respectively. These 
cavities make the cyclodextrins capable of iorm'ing inclusion compounds with guest molecules of suitable diameters. 
In the practice of the present inventkxi, the guest molecule is any dye suitable for the appiicatk:>n for which the recording 

40 sheet is used. Preferably, the dye Is an aromatic dye, and more preferably an anionic aromatic dye. When the optional 
quaternary ammonium compound is used, it reacts with the ankxiic dye to impart waterfastness on the imaged recording 
sheet. The cyclodextrin compound also provides for inclusion of other components in the ink such as metal ions. 
[0026] A reasonably large number of CD derivatives have been prepared and described in the literature. In general, 
these chemically modified CDs are formed by reactk^n of the prirr^ry or secondary hydroxyl groups attached to carbons 

45 2. 3 or 6 [Staicture I], without disturbing the alpha (1, 4) hemlacetal linkages, a-cyciodextrin is formed by cyclization 
of bonding of six glucose molecules, while p- and y- cyclodextrin es are formed by the bonding of seven and eight 
glucose molecules, respectively Review of such preparatk>ns is given in "Tetrahedron Report Number 147, Synthesis 
of Chemically Modified Cyclodextrins', A. R Croft and R. A. Bartsch, Tetrahedron 39(9): 141 7-1474 (1983), incorporated 
herein by reference for background (hereinafter referred to as 'Tetrahedron Report No. 147'). 

so [0029] In partk:ular. alpha (a) beta (P)-, and gamma (y) - CD sulfates (Na salt) are shown as Compound Nos. 207, 
203, and 209 in Tetrahedron Report No. 147, (supra) Table 26, p. 1456. tJ.S. Patent number 2,923,704 to Berger de- 
scribes the preparation of cyck>amyk:>se sulfates. U.S. Patent number 4,020.160 to Berstein et al. and U.S. Patent 
numbers. 4,247,535 and 4,258,180 to Lewis et al. disclose the use of modified cyclodextrin sulfates as complement 
inhibitors. U.S. Patent number 4,383,992 to Lipari describes the preparation of a water-soluble inclusbn compound of 

55 a steroid and unrriodified beta -cyclodextrin. 

[0030] The preferred cyclodextrin compound is in the practk:e of the present invention is Y-Cyclodextrin (n=8) com- 
mercially available from sources such as Wacker Chemk^als. Nonvalk. CT. 

[0031] The concentration of the at least one cyclodextrin compound in the ink receiving layer is from about 1 to about 
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40 wt%, preferably, from about 2 to about 35 wt%. and more preferably, from about 3 to about 30 wt%. 
BINDER 

5 [0032] The ink absorbent layer may optionally comprise at least one binder to provide for physical strength. Binders 
suitably emp]oyQd in the present invention are capable ol lorming hydrogen bond. It is usually possible to employ an 
organic material such as starch or its modified products, polyvinyl alcohol (PVOH) or its modified products, SBR latex, 
NBR latex, hydroxycellulose or polyvinylpyrrolidone, as the binder. PVOH is the preferred binder since it is possible to 
adequately improve the mechanical strength of the of ink absorbent layer without substantially impairing the desired 

10 physical properties of the pseudo-boehmite. PVOH is commercially available from companies such as Air-Product, 
Allentown, New Jersey, under the trade name AIRVOL 523. AIRVOL 523 has a viscosity in the range from a about 23 
to about 27 cps for a 4 wt% aqueous solution at 20'C with from about 87 to about 89 % hydrolyzed PVOH. In general, 
the viscosity of the coating mixture at which the mixture will fully gel at 24 hours will drive the selectton of the binder's 
molecular weight and degree of hydrolysis. 

IS [0033] The concentration of the optional at least one binder in the ink receiving layer is from about 0 to about 50 
wt%, preferably, from about 0.1 to about 45 wt%, and more preferably, from about 0.5 to about 40 wt%, 

OTHER INGREDIENTS 

20 [0034] Optionally thickening agents may be used in the ink absorbent layer. Suitable thickeners in the practice of the 
invention include, but are not limited to, potyacrylates, Texanol{a ester acrylate). HEC(Hydroxy ethyl cellulose), HPC 
(Hydroxy propyl cellutose). PEO (polyethyleneoxtde), and PVOH. Basically, a thickener is able to Increase the viscosity 
of the mixture as the result of change in one or more physical properties of the bulk materiaJ. such as pH. The thickener, 
when used, has a concentration in the range from about 0 to about 50 wt%. preferably, from about 0,5 to about 45 

25 wt%. and rDore preferably from about 0.5 to about 40 wt%. 

[0035] Optionally gloss enhancers may be used in the ink absorbent layer. Suitable gloss enhancers include, but are 
not limited to, polyurethanes, PU(polyurethane), PEO(polyethyleneoxide), and PVOH. The gloss enhancer, when used, 
has a concentratk>n in the range from about 0 to about 50 wt%, preferably, from about 0.5 to about 45 wt%. and more 
preferably, from about 0.5 to about 40 wt%. 

30 [0036] Alternatively, one compound may be used to provkje both the thickening and gtoss enhancing functions. 
Examples of such compounds include polyacry late/poly urethane block copolymers available by Rohm & Hass Com- 
pany under designaton of Acrysol RIV12020 NPR. and random and block copolymers of styrene, butadiene, methyl 
methacrylate and or with potyacrylates and polymethacrylates. 

35 EXAMPLES 

EFFECT OF CYCLODEXTRIN ON LIGHTFADE 

[0037] Recording sheets coated with an ink absorbent layer according to the present invention were prepared using 
40 the foltowing procedure: 

Stock Solution Preparation 

[0038] A 5 wt% stock solutkxi of PVOH was prepared by mixing 5 lbs of PVOH and 95 lbs of water. The PVOH stock 
45 solution was prepared four days prior to the coating of the substrate to allow for solubility and degassing of the PVOH. 

Ink Absorbent Layer Preparation 

[0039] The absorbent layer mixture was prepared by mixing the Ingredients described in Table 1, according to the 
so steps recited below: 

A. The aluminum sol, PVOH, the cyclodextrin, and Acrysol were mixed together at moderate shear. 

8. Sodium acetate and acetic acid were mixed in water until dissolved. 

55 

C The "B' mixture was added to the "A" mixture and stirred at moderate shear. The rate of additk>n for this step 
was 328 Ibs/hr. 
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D. After the completion of step 'C, the resulting mixture was stirred at a low shear to allow for degassing of the 
components. 

E. The mixture of step D was then transferred to a container and held for 43 hours before being used to coat the 
5 substrate. 



TABLE 1 



COMPONENT 


WEIGHT (LBS) TO PREPARE A 50 LBS COATING 
MIXTURE 


Aluminum Sol (Dispal 23N4-20 M • 20% stock solution 


15 


Acetic acid 


0.1421 


Sodium acetate 


0.1118 


PVOH (Ain/ol 523 2) - 5% stock solution 3 


11 


Aciysol RM2020 NPR ^ 


3.25 


Cyclodextrin s 


1 


Make up Water 


19.5 



^ DispaJ 23N4-20 available from NAsta. Houston. TX. 

2 Arrvol 523 available from AirProduct. Attentown. PA. 

3 The slock solution of PVOH prepared above. 



^ Aoysol RM2020 NPR available from Rhom & Haas. 
25 ^ Cyclodextrin available from Wacker Chemicals, Nomalk. CT. 

Coating of Substrate 

[0040] The ink absorbent layer mixture was used to coat a polyethylene based substrate having a gelatin coating 
30 thereon, 

LiQthfastness Evaluation 

[0041] The effect of cyckxjextrin on lightfade was measured by printing step tablet images on recording sheets pre- 
ss pared according to the procedure described above. Each in^age comprised color palette squares of varying density 
approximately 1 cm^, using a Hewlett-Packard DeskJet Photosmart printer (part n umber G3804A) and Hewlett-Packard 
PhotoSmart series ink/print cartridges (part numbers C3d44A and C3845A), all commercially available from Hewlett- 
Packard Company. The cobr palettes were generated using Dot on Dot print mode to generate palettes with 'Status 
A" reflection optical densities bracketing 0.3, 0.6. and 1.0 densities. 
40 [0042] The print samples (step tablet images) were first quantified for Status A 'inltiaP (before exposure) optical 
densities, OD's. and then exposed to the equivalent of five years of indoor lightfade (12 hrs / day for 365 days / yr X 5 
yrs at 450 lux of Cool White Fluorescent illuminant) using an accelerated exposure with an Atlas HPUV fade chamber 
(available from Atlas Electric Devices Co.. Chicago Illinois). Following light exposure, the samples were again quantified 
as to OD's at the same locations on each step to yiekJ 'after' exposure densities. The Status A optical densities. OD's, 
45 olthe images were measured using an X-Rite Model 938 Densitometer, available from X-Rite Inc. . Grandville, Michigan. 
The lightfade for each sample step density was calculated as a percent density loss (Equation I) by using the average 
of three separate measurements. The % density loss at 0.3, 0.6. and 1 .0 densities were calculated by linear interpolation 
of the results for the bracketing steps, and are reported in Table 2. 

EQUATION I ((OD before fade - OD after fade) / (OD before fade)) * 1 00% 
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TABLE 2 



OD % Loss (K/C/MAO' after 5 years indoor li 




Cyclodextnn in 
the Recording 
oncci ivieQia / 
wt. % 


0.30 OD 


0.60 OD 


1.00 OD 


Gamma W8 / 
12.6% 


16.0/10.6/ 
18.3/19.8 


12.3/14.1/ 
18.6/13.5 


9.0/9.1/ 
12.9/6.6 


Alpha W6 / 
12.6% 


11.3/8.2/ 
21.6/19.9 


9.8/7.0/ 
20.0/10.4 


7.8/8.5/ 

12.5/4.1 


Beta W7 / 
12.6% 


25.3/21.4/ 
35.7/12.8 


23.2/25.0/ 
28.0/9.0 


17.1/26.5/ 
18.8/5.9 


Beta W7M1.8/ 
12.6% 


20.5/9.4/ 
27.4/17.0 


13.5/12.7/ 
17.5/8.3 


11.0/11.9/ 
13.2/3.0 


Control / 
0% 


16.0/12.1/ 
34.7/16.1 


16.4/14.9/ 
34.6/9.2 


13.7/17.9/ 
30.5/4.5 



' YJCfMJY refers to black/cyan/magenta/yellow colors. 



30 [0043] As can be seen from the results in Table 2, recording sheets, having an ink receiving layer according to the 
present invention, exhibited better overall lightfastness. 

INDUSTRIAL APPLICABILITY 

55 [0044] The present recording sheets are expected to find commercial use in ink-jet printing. 

[0045] Thus, there has been disclosed a recording sheet comprising a substrate, having on at least one side thereon, 
and an ink absorbent layer, said ink absorbent layer comprising alumina sol, at least one gelling agent, at least one 
cyclodextrin compound, and optk^nalty, at least one binder It will be readily apparent to those skilled in the art that 
various changes and modifrcations of an obvious nature may be made without departing from the spirit of the invention, 

^0 and all such changes and nrxxiifications are considered to fail within the scope of the invention as defined by the 
appended claims. 



Claims 

4S 

1. A recording sheet comprising a substrate, having on at least one side thereon, and an ink absorbent layer, said 
ink absorbent layer comprising: 

at least one alumina sol compound; 
so at least one gelling agent; and 

at least one cyckKiextrin compound. 

2. The recording sheet of Claim 1 wherein the ink absorbent layer further comprises at least one compound selected 
from the group consisting of binders, viscosity enhancing compounds, and gtoss enhancing compounds. 
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3. The recording sheet of Claim 1 wherein the at least one cyclodextrin compound has the structure 
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wherein 

n is at least 6; 

m Is at least 1 ; 

Ri is H, alkyl, or aryl; 

R2 is H, alkyl. or aryl; and 

R3JS H, alkyl, or aryl. 

4. The recording sheet of Claim 3 wherein n is 8. 

5. The recording sheet of Claim 3 wherein m is 1 . 

6. The recording sheet of Claim 3 wherein R^, R2, and R3 are H. 

7. The recording sheet of Claim 1 wherein the concentration of said at least one cyclodextrin compound in said ink 
absorbent layer in dry form is from about 1 to about 40 wt%. 

8. The recording sheet of Claim 7 wherein the concentration of said at least one cyclodextrin compound is from about 

2 to about 35 wt%. 

9. A method for preparing a recording sheet, comprising the steps of: 

preparing a cyckxJextrin containing mixture by mixing at least one alumina sol compound, at least one cyclo- 
dextrin compound, and optionally a compound selected from the group consisting of viscosity enhancing com- 
pounds and gtoss enhancing compounds; 
preparing a gelling agent solution; 

preparing an ink absorbent layer mixture by adding said gelling agent solution to said cyclodextrin containing 
mixture; 

mixing said ink absorbent layer mixture for sufficient time to allow for the degassing of said mixture; 
providing a substrate; 

and coating said substrate with said ink absorbent layer mixture. 

10. A method for preparing a recording sheet, comprising the steps of: 

preparing an aqueous binder solution; 

preparing a cyckxiextrin containing mixture by mixing at least one alumina sol compound, at least one cyclo- 
dextrin compound, and optionally a compound selected from the group consisting of viscosity enhancing com- 
pounds and gbss enhancing compounds, with saki binder solution; 
preparing a gelling agent solution; 

preparing an ink absorbent layer mixture by adding said gelling agent solution to said cyclodextrin containing 



9 



EP 0 937 582 A1 



mixture; 

mixing said ink absorbent layer mixture for sufficient time to allow for the degassing of said mixture; 
providing a substrate; 

and coating said substrate with said ink absorbent layer mixture. 

5 
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n = 7 



Figure 1 
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